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(57) ABSTRACT

Provided 1s an image pickup apparatus including a light
beam projecting unit projecting a light beam onto an eye to
be inspected, an 1mage signal acquiring unit acquiring an
image signal based on the light beam reflected by the eye, a
scanning unit included in the light beam projecting unit and
scanning the eye with the light beam, an 1image generating
unit generating an 1mage based on the acquired 1image signal,
a position mformation generating unit arranged outside an
optical path of projecting the light beam onto the eye by the
light beam projecting unit, a control unit causing the scan-
ning unit to scan the position information generating unit
with the light beam, and a correcting unit correcting timing
ol acquiring the image signal by the image signal acquiring
unit based on position information acquired from the light
beam with which the position information generating unit 1s
scanned.

13 Claims, 10 Drawing Sheets
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IMAGE PICKUP APPARATUS AND METHOD
OF CONTROLLING IMAGE PICKUP
APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an 1image pickup appara-
tus configured to pick up an 1mage of an eye to be mspected
and a method of controlling the image pickup apparatus.

Description of the Related Art

At present, various ophthalmic 1image pickup apparatus
are used that are configured to scan an eye to be mspected
with measuring light and to make an observation and pick up
an 1mage using the scanning light that 1s reflected by the eye
to be mspected. Exemplary ophthalmic apparatus include an
optical coherence tomography (OCT) system, a scanning
laser ophthalmoscope (SLO), and an adaptive optics scan-
ning laser ophthalmoscope (AO-SLO). Those apparatus
employ a technology 1n which a galvano scanner, a resonant
scanner, a polygon scanner, or the like 1s used to scan an eye
to be inspected with measuring light so that data at a
plurality of points of the eye to be imnspected are continuously
acquired.

When this technology 1s used, in order to correctly
observe or pick up an 1image of a desired part of the eye to
be 1spected, it 1s necessary to accurately detect a scanning,
speed and a scanning position of the measuring light on the
eye to be mspected 1n the ophthalmic apparatus. However,
it 1s known that the scanning speed and the scanning position
of a scanner used 1n the ophthalmic image pickup apparatus
vary depending on various factors such as individual differ-
ences and ambient temperature change.

As a solution to the problem, a technology 1s known 1n
which a correcting chart 1s attached at a position conjugate
to a light recerving element, and timing of sampling for
acquiring a signal from the reflected light 1s corrected
through comparison between a picked-up image of the
correcting chart and an 1mage of a fundus (Japanese Patent
Application Laid-Open No. 2014-68704). Further, a tech-
nology 1s known in which timing of the sampling 1s cor-

rected based on a position signal acquired from a drive
portion of a resonant scanner (Japanese Patent Application
Laid-Open No. 2014-68703).

However, in Japanese Patent Application Laid-Open No.
2014-68704, there 1s no disclosure of a specific position at
which the correcting chart 1s arranged, and when the cor-
recting chart i1s attached within an optical axis of an 1image
pickup optical system, 1t 1s necessary to attach a new
correcting chart every time the data for correction 1is
updated. In this case, there 1s a problem 1n that update of the
data for correction takes time. In particular, when the
scanning speed or the scanning position changes during
inspection of an eye and update of the data for correction 1s
attempted for the purpose of identitying the reason for the
change, 1t 1s often difficult for a user to attach a new
correcting chart during the mspection.

Further, the method exemplified 1n Japanese Patent Appli-
cation Laid-Open No. 2014-68703 1n which a position signal
acquired from the drive portion of the resonant scanner is
used cannot be applied to a scanner that cannot acquire a
position signal. Further, the position signal indicates the
position of the scanner alone, and thus, shift of the position
of an entire scanner unit 1n the ophthalmic image pickup
apparatus cannot be corrected. In other words, the scanning
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speed and the scanning position of the measuring light in the
ophthalmic image pickup apparatus cannot be accurately
corrected.

SUMMARY OF THE INVENTION

The present mvention has been made 1n view of the
above-mentioned circumstances, and an object of the pres-
ent 1nvention 1s to provide an 1mage pickup apparatus that
can accurately correct, in a short time, change in scanning
speed and scanming position of measuring light on an object
to be inspected, and a method of controlling the image
pickup apparatus.

In order to solve the problems described above, according,
to one embodiment of the present invention, there 1s pro-
vided an 1mage pickup apparatus, including;:

a light beam projecting unit configured to project a light
beam onto an object to be inspected;

an 1mage signal acquiring unit configured to acquire an
image signal based on the light beam reflected by the object
to be inspected;

a scanning unit that 1s included 1n the light beam project-
ing unit, and 1s configured to scan the object to be inspected
with the light beam;

an 1mage generating unit configured to generate an 1mage
based on the acquired image signal;

a position mnformation generating unit arranged outside an
optical path that 1s formed while the light beam 1s projected
onto the object to be 1mspected by the light beam projecting
unit;

a control unit configured to cause the scanning unit to scan
the position information generating unit with the light beam;
and

a correcting unit configured to correct timing of acquiring,
the 1image signal by the 1image signal acquiring unit based on
position information acquired from the light beam with
which the position information generating unit 1s scanned.

According to the present invention, change in scanning
speed and scanning position of measuring light on the object
to be inspected in the ophthalmic 1image pickup apparatus
can be accurately corrected 1n a short time.

Further features of the present mmvention will become

apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view for illustrating a structure of
an entire ophthalmic apparatus according to an embodiment
of the present invention.

FIG. 2 1s an explanatory view of an optical system 1n the
ophthalmic apparatus illustrated in FIG. 1.

FIG. 3A 1s an 1llustration of an SLO 1mage acquired by the
ophthalmic apparatus.

FIG. 3B i1s an explanatory view of relationship between
the SLO 1mage 1llustrated in FIG. 3A and operation of a
resonant scanner.

FIG. 4A1s an enlarged view of a scan-correcting chart and
related portions according to a first embodiment of the
present 1nvention.

FIG. 4B 1s an 1illustration of the scan-correcting chart.

FIG. 4C 1s an explanatory view of signals acquired from
the scan-correcting chart.

FIG. 5 15 a flow chart for illustrating photographing steps
to acquire the SLO image according to the embodiment of
the present invention.
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FIG. 6 1s an explanatory view of a method of correcting
scanning according to the first embodiment of the present
invention.

FIG. 7A and FIG. 7B are explanatory views of a photo-
detector according to a second embodiment of the present
invention seen from different angles.

FIG. 8A and FIG. 8B are explanatory views of a method
ol correcting scanning according to the second embodiment
of the present invention. FIG. 8A 1s an 1llustration of a case
suitable for assuming operation, and FIG. 8B 1s an illustra-
tion of a case unsuitable for assuming operation.

FIG. 9A and FIG. 9B are explanatory views of photode-
tectors according to a third embodiment of the present
invention seen from different angles.

FIG. 10 1s an explanatory view of a method of correcting
scanning according to the third embodiment of the present
invention.

DESCRIPTION OF TH.

(L.
1]

EMBODIMENTS

Now, exemplary embodiments of the present invention
are described with reference to the drawings. Note that, the
following embodiments are not intended to limit the present
invention defined 1n the scope of claims, and not all com-
binations of features described 1in the embodiments are
essential to solving means of the present imvention.

Further, in the embodiments, a confocal scanning laser
ophthalmoscope (SLO apparatus) 1s given as an example of
an ophthalmic image pickup apparatus, but the present
invention 1s not limited to an SLO apparatus, and 1s gener-
ally applicable to ophthalmic image pickup apparatus con-
figured to scan an eye to be inspected such as an OCT
apparatus and an AO-SLO apparatus.

First Embodiment of the Present Invention

An SLO apparatus according to a first embodiment of the
present mvention 1s described below.

(Schematic Structure of Apparatus)

FIG. 1 1s an 1illustration of a schematic structure of the
SL.O apparatus according to this embodiment.

An SLO apparatus 200 1illustrated in FIG. 1 includes an
optical head 900, a stage portion 950, a base portion 951, a
chin rest 952, a control portion 9235, a memory portion 926,
a display portion 928, and an input portion 929. The optical
head 900 1s a measuring optical system configured to pick up
a two-dimensional 1image of a fundus of an eye to be
ispected. The stage portion 950 functions as a moving
portion that can move the optical head 900 1n x, vy, and z
directions 1 FIG. 1 using a motor (not shown). The base
portion 951 supports the stage portion 950 and houses
therein a power supply, part of the optical system, and the
like. The chin rest 952 1s fixed to the base portion 951 and
promotes {ixation of an eye of a subject (eye to be mspected)
through fixation of the chin and the forehead of the subject.

The control portion 925 1s a personal computer that also
serves as a control portion of an optical tomographic 1mage
pickup apparatus, and 1s configured to not only control the
SLO apparatus but also perform other operations such as the
configuration of a fundus 1mage. The memory portion 926
includes a hard disk configured to store therein a program for
picking up a fundus 1mage and the like, and 1s built 1into the
control portion 925. The display portion 928 1s a monaitor.
The input portion 929 gives instructions to the personal
computer, and, specifically, includes a keyboard and a
mouse. In this embodiment, the control portion (personal
computer), the hard disk, the display portion, and the mput
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portion are arranged outside the SLO apparatus 200, but may
also be built into the SLO apparatus 200.

(Structure of Image Pickup Optical System)

Next, a structure of an 1mage pickup optical system of the
ophthalmic image pickup apparatus according to this
embodiment 1s described with reference to FIG. 2.

First, the inside of the optical head 900 1s described. In the
optical head 900, an objective lens 101-1 1s arranged so as
to be opposed to an eye 100 to be mspected. A first dichroic
mirror 102 1s arranged on an optical axis of the objective
lens 101-1. The optical path leading to the eye 100 to be
ispected 1s split by the first dichroic mirror 102 into an
optical path L1 of an anterior ocular segment observing
system and an optical path L2 of an internal fixation lamp
and an SLO optical system, depending on the respective
wavelength bands thereof.

The optical path L1 1s formed to cause light reflected from
the fundus to be received by a CCD 172 for observing the
fundus, and a lens 122 and a lens 123 are arranged on an
optical axis thereol. The CCD 172 has sensitivity to a
wavelength of 1llumination light for observing an anterior
ocular segment (not shown). specifically, to a wavelength of
approximately 970 nm.

A second dichroic mirror 106 1s arranged on an optical
axis ol the optical path L2. The optical path L2 of light
reflected from the fundus of the eye 100 to be imspected 1s
split by the second dichroic mirror 106 1nto an optical path
.3 of the internal fixation lamp optical system and an optical
path L4 of the SLO optical system. A lens 101-2, a galvano
scanner 104, a resonant scanner 103, and a lens 105 are
arranged on the optical path L2 from the first dichroic mirror
102 side 1n this order, and the optical path L2 leads to the
second dichroic mirror 106.

An SLO focus lens 107, a perforated mirror 108, an SLO
light source 109, and a photodetector 110 are arranged on an
optical axis of the SLO optical system in a transmitting
direction of the second dichroic mirror 106. The photode-
tector 110 forms a light receiving unit configured to receive
light that 1s projected onto the eye 100 to be mspected and
1s reflected from the eye 100 to be nspected according to
this embodiment. Further, a fixation focus lens 111 and an
internal fixation lamp 112 are arranged on an optical axis of
the internal fixation lamp optical system 1n a reflecting
direction of the second dichroic mirror 106. Further, the
photodetector 110 1s connected to an A/D converter 140.
Further, the A/D converter 140 1s connected to an FPGA
150. The photodetector 110 produces an output depending
on recerved light, and the A/D converter 140 converts the
output of the photodetector 110 into a digital signal. The
FPGA 150 samples output of the A/D converter 140 at
predetermined sampling intervals, and outputs the sampled
digital signal to the control portion 925. The control portion
9235 generates and controls display of an image of the eye to
be mspected based on the output from the FPGA 150. In this
embodiment, a method of correcting the intervals of the
sampling by the FPGA 150 1s described, but intervals of
sampling by the A/D converter 140 (intervals of A/D con-
version) may also be changed. The control portion 925 may
also perform sampling at predetermined sampling intervals.
Further, the FPGA 150 may be included in the control
portion 925.

The SLO light source 109 emits measuring light having a
center value near a wavelength of 780 nm. The photodetec-
tor 110 has sensitivity to received light having a wavelength
of approximately 780 nm. Meanwhile, the internal fixation
lamp 112 emits visible light to promote visual fixation of the
subject.
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Each of a light beam emitted from the SLO light source
109 and a light beam emitted from the internal fixation lamp
112 forms an 1mage once 1n the vicinity of the first dichroic
mirror 102, and forms an 1image again 1n the vicinity of the
tfundus of the eye 100 to be mspected. The SLO focus lens
107 and the fixation focus lens 111 are driven along the
optical axis by a motor (not shown) so that the positions of
the 1mages formed in the second formation match with a
plane of the fundus of the eye 100 to be inspected. Through
drive of those focus lenses, the positions of the images
formed 1n the first formation also change 1n the vicimty of
the first dichroic mirror 102.

The position of an image formed of a light beam on the
tundus 1s changed by the resonant scanner 103 configured to
drive the light beam 1n the X direction and the galvano
scanner 104 configured to drive the light beam 1n the Y
direction. The scanners cause the light beam to two-dimen-
sionally scan the fundus. The light beam scatters on the
tfundus. Retlected light scattered 1n a direction of the optical
path L2 1s reflected by the perforated mirror 108 to be
detected by the photodetector 110. The photodetector 110 1s,
for example, a photodiode, and forms an i1mage signal
acquiring unit according to this embodiment. The light beam
emitted from the SLO light source 109 and the resonant
scanner 103 described here form the measuring light and a
scanning unit configured to scan with the measuring light,
respectively, according to this embodiment. Further, the
photodetector 110 forms a first acquiring unit configured to
acquire an 1mage signal based on return light of the mea-
suring light from the eye 100 to be mspected.

Through processing a signal acquired by the photodetec-
tor 110 m a method described below, an SLO image 1s
acquired. In this way, the SLO apparatus 200 can pick up an
image 1n an entire region of interest of the fundus of the eye
to be inspected. The structure from the eye 100 to be
ispected to the SLO optical system and the SLO optical
system described above form a light beam projecting unit
configured to project a light beam onto the eye 100 to be
inspected 1n this embodiment. Further, the resonant scanner
103 and the galvano scanner 104 form a scanning unit

included 1n the light beam projecting unit and configured to
scan the eye to be imspected with the light beam 1in this
embodiment.

Further, through controlling lighting of the internal fixa-
tion lamp 112 in synchronization with scanning with the
resonant scanner 103 and the galvano scanner 104, various
patterns such as a cross-shaped pattern or an x-shaped
pattern can be projected onto various positions of the fundus
of the eye to be inspected. This enables directing the eye to
be mspected 1n various directions, and an 1mage of a wide
region in the fundus of the eye to be mspected can be picked

up

A chart 130 arranged at a position ofl the optical axis of
the optical path L2 1s a scan-correcting chart described
below. As illustrated 1n FIG. 2, the scan-correcting chart 130
1s arranged ofl the optical axis of the optical path L2. In the
case illustrated 1n FIG. 2, the scan-correcting chart 130 1s
arranged 1n parallel with the optical axis of the optical path
.2, but the present invention i1s not limited thereto. The
scan-correcting chart 130 may be arranged so as to be tilted
against the optical axis of the optical path L2. For example,
the scan-correcting chart 130 may be arranged so as to be
perpendicular to the optical axis of the optical path L2, or
may be arranged so as to be tilted against the optical axis of
the optical path L2.
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(Generation of SLO Image)

Next, the SLO mmage 1s described with reference to FIG.
3A and FIG. 3B.

A signal level acquired by the photodetector 110 1s
converted to brightness of each pixel, and the SLO 1mage 1s
generated. The actual SLO 1mage 1s generated by a module
configured to function as an image generating unit in the
control portion 925. Specifically, pixels acquired while the
resonant scanner 103 scans the fundus once with the light
beam in the X direction are arranged 1n a horizontal direction
to acquire one-line data. Pieces of one-line data acquired
through repeating the acquisition are arranged in a vertical
direction to acquire a two-dimensional 1mage as illustrated
in FIG. 3A. The resonant scanner 103 1s driven to recipro-
cate, and thus, scanning at odd-numbered times and scan-
ning at even-numbered times are 1 opposite directions.
Therefore, in FIG. 3A, through arranging data i odd-
numbered lines and data 1n even-numbered lines 1n opposite
directions, a two-dimensional 1image with a unified direction
1s acquired.

FIG. 3B 1s an illustration of how the resonant scanner 103
1s driven. The horizontal axis denotes time, while the vertical
ax1is denotes angle of oscillation of the resonant scanner 103.
A pixel on a dotted line 301 1n FIG. 3A 1s formed from a
signal at Time 311 or 321 in FIG. 3B. Similarly, pixels on
dotted lines 302, 303, and 304 are formed from signals at
Times 312 or 322, Times 313 or 323, and Times 314 or 324,
respectively. In this case, the Times 311, 312, 313, and 314
are at equal time intervals. Further, Times 321, 322, 323, and
324 are at equal time 1ntervals. The angles of oscillation of
the resonant scanner 103 at those times are 331, 332, 333,
and 334, respectively.

The resonant scanner 103 i1s not driven with constant
speed, and thus, the intervals between the angles 331, 332,
333, and 334 at the respective times are different from each
other. Theretfore, the intervals between the dotted lines 301,
302, 303, and 304 1n FIG. 3A are not actually equal on the
fundus, but are illustrated as equal intervals in FIG. 3A. In
other words, the SLO image illustrated in FIG. 3A 1s
distorted. Therefore, the intervals between signal acquisition
by the photodetector 110 are required to be corrected by a
method described below.

(Description of Scan-Correcting Chart)

The scan-correcting chart 130 1s described with reference
to FIG. 4A to FIG. 4C.

FIG. 4A 1s an 1illustration of a portion related to the
scan-correcting chart 130 1llustrated 1n FIG. 2. In correction,
the galvano scanner 104 changes an angle of a muirror
portion, and projects the light beam onto the scan-correcting
chart 130 arranged ofl the optical axis along, for example, an
optical path 401. Through changing the angle of the mirror
portion of the galvano scanner 104, the light beam can be
guided along different optical paths such as an optical path
402 or an optical path 403 to be projected onto an arbitrary
position on the scan-correcting chart 130. The scan-correct-
ing chart 130 1s arranged in the vicinity of the first dichroic
mirror 102, that 1s, at a position at which the light beam
forms an 1image. Therefore, the light beam emitted from the
SL.O light source 109 focuses on any one of positions on the
scan-correcting chart 130. The position at which the light
beam forms an 1image depends on the position of the SLO
focus lens 107 on the optical axis. Therefore, through
controlling the angle of the galvano scanner 104 depending
on the position of the SLO focus lens 107, the light beam can
focus on the scan-correcting chart 130. In other words, the
scan-correcting chart 130 1s arranged at a position which 1s
outside the scanned area by the light beam when the fundus
of the eye to be mspected 1s scanned with the light beam and
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on which the light beam can focus with a focusing unit for
light for correction including the SLO focus lens 107 and the
galvano scanner 104. Further, the position can be defined as
a predetermined range around a position at which, when the
light beam forms an 1mage on an ispection position of the
cye to be inspected, an image 1s formed between the
resonant scanner 103 and the 1mspection position of the eye
to be inspected, that 1s, a range in which the image formation
position can be adjusted with the focusing umt for light for
correction.

FIG. 4B 1s an 1illustration of a chart surface of the
scan-correcting chart 130. A case 1n which the scan-correct-
ing chart 130 1s seen from a direction of the first dichroic
mirror 102 in FIG. 4A 1s illustrated 1n FIG. 4B. On the chart
surface of the scan-correcting chart 130, a plurality of
parallel lines having a low retlectivity are drawn 1n parallel
with a scanning direction of the galvano scanner 104 on a
Lambertian surface having a high reflectivity. Further, in this
embodiment, a center line 1s thicker than other lines.

In this case, the light beam 1s projected onto a position
depending on the angles of the resonant scanner 103 and the
galvano scanner 104. For example, when the galvano scan-
ner 104 1s at an angle at which the light beam 1s projected
along the optical path 403, the light beam 1s projected at any
one ol positions on a scanning line 410. Which of the
positions on the scanning line 410 the light beam 1s projected
onto depends on the angle of the resonant scanner 103. In
particular, when the angle of the resonant scanner 103 1s at
the center, the light beam 1s projected onto a point at which
the scanming line 410 and the thick line at the center of the
scan-correcting chart 130 intersect each other. Through
driving the resonant scanner 103 in this state, the scan-
correcting chart 130 can be scanned with the light beam
along the scanning line 410. The parallel lines on the
scan-correcting chart 130 are drawn at positions correspond-
ing to equiangular angles of the resonant scanner 103,
respectively.

FIG. 4C 1s a graph for showing strength of signals
acquired through scanning of the scan-correcting chart 130
with the light beam described above. In FIG. 4C, the
horizontal axis denotes time, while the vertical axis denotes
signal strength. The reflectivity 1s low on the parallel lines on
the scan-correcting chart 130, and thus, the signal strength 1s
low while the lines are scanned. Through binarizing the
signal strength data with a threshold value thereof, which 1s
represented by 420, time during which the lines are scanned
and time during which the lines are not scanned can be
discriminated from each other. Further, as described above,
according to this embodiment, among the parallel lines, the
center line 1s thicker than other lines. This increases time
during which the strength of signals acquired while the
center line 1s scanned with the light beam 1s low compared
with cases of other lines, and thus, a reference position on
the scan-correcting chart 130 scanned with the light beam 1s
acquired. In this embodiment, the thickness of the lines 1s
changed, but the present invention 1s not limited thereto. It
1s enough that signal change 1s acquired through change 1n
interval, change 1n reflectivity, or the like so that the center
line 1s discriminated from other lines.

It 1s enough that the scan-correcting chart 130 described
above 1s a chart-like structure having therecon a diffuse
surface and regions havmg a reflectivity different from the
reflectivity of the difluse surface and arranged in parallel
with one another, the diffuse surface and the regions being
arranged 1n accordance with a predetermined rule. In this
embodiment, the regions arranged in parallel with one
another are linear regions extending in a direction parallel
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with any one of the X direction and the Y direction 1n which
the scanning unit scans with the light beam. More specifi-
cally, 1t 1s preferred that the linear regions be arranged 1n
parallel with the scanning direction of the galvano scanner
104. In other words, 1t 1s preferred that the linear regions be
arranged perpendicularly to the scanning direction of the
resonant scanner 103. Further, it 1s preferred that the chart-
like structure be, as described in this embodiment and
illustrated in FIG. 2, arranged outside the optical path that 1s
formed while the light beam projecting unit projects the light
beam onto the eye to be ispected. Further, 1t 1s preferred
that the scan-correcting chart 130 be arranged between the
objective lens 101-1 and the resonant scanner 103. That 1s,
the scan-correction chart 130 may be a member having a
pattern located outside the scanned area of the measuring
light for the eye to be inspected and within an area on which
the measuring light can be projected by the resonant scanner
103.

(Flow of SLO Photographing)

FIG. 5 1s a flow chart for illustrating the flow of SLO
photographing. First, in Step S501, the control portion 9235
starts driving the resonant scanner 103. Then, 1n Step S3502,
the control portion 925 turns on the SLO light source 109.
Next, in Step S503, the control portion 925 acquires the
angle of the galvano scanner 104 corresponding to the
position of the SLO focus lens 107 on the optical axis. The
corresponding angle 1s an angle at which the light beam
focuses on the scan-correcting chart 130 1n the current state
of the SLO apparatus 200, and 1s calculated by the control
portion 925 based on the optical system. The angle may be
determined not through calculation but based on a table
stored 1n advance.

Then, 1n Step S504, the control portion 925 drives the
galvano scanner 104 to the angle determined 1n the manner
described above. After the driving of the galvano scanner
104 ends, 1n Step S505, the resonant scanner 103 scans the
scan-correcting chart 130 with the light beam. The control
portion 925 functions as a control umit conﬁgured to cause
the resonant scanner 103 serving as the scanning unit to scan
the scan-correcting chart 130 with the light beam. At this
time, signal acquisition (sampling) by the FPGA 150 1s
performed at equal time intervals determined 1n advance.
Through drlvmg the resonant scanner 103 to reciprocate 1n
this way, two pleces ol one-line data are acquired. That 1s,
the measuring light 1s scanned on the scan-correcting chart
130 with plural times. So-called positional information
relating to the scanning position can be obtained by scanning
the light on the scan-correcting chart 130 by the resonant
scanner 103. Specifically, the control portion 925 causes the
resonant scanner 103 to scan the scan-correcting chart 130
a plurality of times, which includes reciprocating scanning,
so that a plurality of pieces of position information (infor-
mation indicating operation of the scanning unit) are
acquired. The number of pieces of one-line data to be
acquired may be more than two.

Then, 1 Step S506, the control portion 9235 corrects
intervals of the sampling by the FPGA 150 by a correcting
method described below. Then, 1n Step S507, the control
portion 925 drives the galvano scanner 104 toward the
fundus. Next, in Step S508, the control portion 925 two-
dimensionally scans the fundus with light beams using the
resonant scanner 103 and the galvano scanner 104. It 1s
preferred that the scanning with the measuring light for the
purpose of acquiring 1mage information, the scanning with
the measuring light for the purpose of acquiring data for
correction, and the correction of the sampling intervals
described above be performed 1n series. At this time, signal
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acquisition by the photodetector 110 1s performed at the
intervals corrected 1n Step S506.

In other words, the 1mage 1s generated in accordance with
information acquired by reflected light corresponding to the
scanning position with the light beam using both the scan-
ners or the scanning position corresponding to the angle
positions of the scanners. At that time, the method of
generating an 1image by the image generating unit 1S cor-
rected based on the information acquired through scanning,
the scan-correcting chart 130 with the light beam. More
specifically, the timing of sampling the output of the pho-
todetector 110 by the FPGA 150 described above 1s cor-
rected. In other words, the timing of acquiring the image
information obtained when the 1mage signal based on light
reflected from the eye 100 to be inspected 1s acquired 1s
corrected. The acquisition timing 1s corrected by a module
that functions as a correcting unit 1n the control portion 925.
Through the correction, the sampling timing at equal time
intervals 1s changed to that at unequal time 1ntervals so that
the positions at which the light beam 1s reflected on the eye
100 to be mspected, from which the image signal 1s
acquired, 1s at equal intervals.

In this way, 1n Step S509, the control portion 925 gener-
ates the SLO mmage and displays the SLO image on the
display portion 928. In Step S510, the control portion 925
determines whether or not pre-photographing 1s completed.
When there 1s input 1n the form of pressing down a photo-
graphing button from the nput portion 929, the control
portion 925 determines that the pre-photographing 1s com-
pleted. The determination criterion 1s not limited thereto. For
example, whether or not the state 1s a focusing state may be
determined from the brightness of the SLO image and the
focusing state may be regarded as meaning that the pre-
photographing 1s completed. Further, an arrangement for
acquiring an information designating the operation of the
resonant scanner 103 by using the san-correcting chart 130
and the like forms a second acquiring unit.

When it 1s determined that the pre-photographing 1s
completed, in Step S511, the control portion 925 stores the
SLO mmage 1n the memory portion (hard disk) 926, and
displays the SLO 1mage on the display portion 928. Finally,
in Step S512, the control portion 925 turns off the SLO light
source 109, and the photographing ends.

When 1t 1s determined that the pre-photographing 1s not
completed, the process returns to Step S503, and the control
portion 925 repeats the processing described above. While
the processing described above 1s repeated, an operator can
drive the SLO focus lens 107 through mnput from the 1mput
portion 929 to focus the light beam on the fundus. Alterna-
tively, the control portion 925 may periodically determine
whether or not the state 1s the focusing state 1n the method
described above and may drive the SLO focus lens 107 so
that the light beam may focus on the fundus.

Through performing correction and 1image acquisition in
series 1n this way, the control portion 925 can correct the
sampling intervals every time an SLO i1mage 1s acquired.
Therefore, even when time taken by the resonant scanner
103 to scan changes with time, a correction can be made
promptly. The control portion 925 may correct the sampling
intervals not every time an SLO 1mage 1s acquired but every
time N (N 1s 2 or more) SLO 1mages are acquired or after
scanning the measuring beam. That 1s, the step of acquiring
the image signal of the SLO 1mages, the step of acquiring the
information designating the operation of the resonant scan-
ner 103, and the step of determining the acquiring timing of
the 1image signal based on the information designating the
operation may be repeatedly performed.
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The flow of the SLO photographing 1s described above.
The timing of making a correction may be controlled by
other methods. For example, the correction may be made
every time a predetermined time elapses, or the correction
may be made before the inspection starts. When change in
resonant scanner 1s large, the correction may be made while
an 1mage 1s acquired. The methods may be switched through
controlling drive of the galvano scanner.

(Description of Correction of Scanning)

Next, a method of correcting the scanning 1s described
with reference to FIG. 6. The scanning 1s corrected with
regard to a forward path and a return path of the reciprocated
operation of the resonant scanner 103. The forward path and
the return path are different only in that the direction of
operation 1s opposite, and thus, only correction in the
forward path 1s described below.

Data on strength of signals acquired from the scan-
correcting chart 130 1n Step S505, for example, the data
illustrated 1n FIG. 4C, 1s binarized with a threshold value
thereof, which 1s represented by 420, and the barycenter
thereol 1s calculated. Through the calculation, detected times
t1, 12, and t3 are acquired for the respective lines. Descrip-
tion of the fourth and subsequent lines 1s omitted. The angles
of the resonant scanner 103 corresponding to the respective
lines on the scan-correcting chart 130 are stored 1n advance
in the memory portion 926, from which angles x1, x2, and
x3 of the resonant scanner at the times t1, t2, and t3 are
acquired. Points (11, x1), (t2, x2), (t3, x3), and all the rest of
the points determined similarly are plotted 1n a coordinate
system 1n which the horizontal axis denotes time t while the
vertical axis denotes angle x of the resonant scanner 103, to
thereby acquire a graph of FIG. 6. The angle x of the
resonant scanner 103 is represented by, for example, coor-
dinates 1n a coordinate system with the optical axis of the
resonant scanner having a coordinate of 0. For example, a
center of the angle of the oscillation range of the resonant
scanner 103, which changes when acquiring the SLO 1mage,
1s at 0 degrees.

Further, the resonant scanner 103 outputs a synchronizing,
signal every period, and thus, through detecting the syn-
chronizing signal, the control portion 925 can calculate the
period of the resonant scanner 103. The period 1s represented
by T.

Then, the entire data described above can be approxi-
mated by Expression (1):

x=A cos(mr+a)

(1)

where A 1s an amplitude, that 1s, the maximum angle of
oscillation of the resonant scanner 103, w 1s an angular
frequency (=2m/T), and « 1s an 1nitial phase, that 1s, a phase
at a time at which a synchronizing signal of the resonant
scanner 1s detected. Expression (1) can be transformed 1nto
Expression (2) below:

x=q sm({wi)+b cos(wi)

(2)

where

b (3)

A=vVa+ b2
Va2 + b2

sin(a) = — cos(a) =

Va2 + b2

1s satisfied.

In Expression (2), a and b can be determined by least
squares from the data (11, x1), (12, x2), (12, x2) . . . described
above. Then, A and a can be determined using Expression

(3).
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The number of pixels in the SLO 1mage 1s represented by
n, and the angles of the resonant scanner corresponding to
the observation range on the fundus are represented by from
X1 to Xn. In order to acquire signals through scanning the
fundus at equal intervals, signals may be acquired at coor-
dinates acquired by Expression (4) below:

C(n=DXy +(i- DX,

7|

(4)

X;

where 1 1s the number of the pixel, that 1s, an integer from
1 to n.

Substituting X1, X2, X3, . . ., and Xn into an inverse
function of Expression (1) acquires times 11, T2, .. ., and
Tn at which the signals are to be acquired. T1, T2, . . ., and
Tn are stored 1n the memory portion 926 as corrected signal
acquisition times. In Step S508, signals are acquired at those
times to enable acquisition of an SLO 1mage without or with
only a small amount of distortion.

The method of correcting the signal acquiring interval at
a time of obtaming the signal by scanning the measuring
light 1s described above. In this correcting method, not only
drive of the resonant scanner 1s corrected alone but the entire
SLO optical system can be corrected taking change 1in
positional relationship among the SLO light source, the
resonant scanner, the mirrors, and the like 1nto consider-
ation. Therefore, the scanning position of the SLO apparatus
can be accurately corrected.

The arrangement (position or angle) of the scan-correct-
ing chart 130 may be different from that illustrated 1in FIG.
4A and the like. The chart may be shorter with the angle of
the galvano scanner 1n the correction being controlled to a
predetermined fixed angle. In that case, depending on the
position of the SLO focus lens 107, the light beam may not
focus on the chart, and thus, control may be performed so
that, in the correction, the SLO focus lens 107 may be driven
to a certain position. Alternatively, a signal may be acquired
in an unfocused state and the position of a line on the chart
may be detected through determining the barycenter of a
portion having low signal strength.

Further, 1n this embodiment, the times T1, . . ., and Tnh at
which signals are to be acquired are determined 1n advance,
and after that, the signals are acquired, but signals may be
acquired first. For example, signals may be acquired at all
times at which the acquisition 1s possible, and the acquired
signal levels may be stored. After that, data corresponding to
11, ..., and Tn may be selected.

As described above, the chart-like structure 1illustrated as
the scan-correcting chart in the embodiment described above
1s used for acquiring position information relating to the
scanning position obtained when the scanners perform scan-
ning with the light beam. Therefore, those structures are
defined as a position information generating unit according
to the present invention.

Second Embodiment of the Present Invention

According to a second embodiment of the present inven-
tion, 1nstead of the scan-correcting chart, a photodetector 1s
used as the position mformation generating unit, and the
signal acquisition time 1s corrected based on a time at which
the photodetector receives light.

(Structure of Apparatus)

FIG. 7A and FIG. 7B are 1illustrations of arrangement of
the photodetector according to this embodiment. The struc-
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ture of the apparatus according to this embodiment 1s similar
to that in the first embodiment except for the portion

illustrated 1in FIG. 7A and FIG. 7B.

A photodetector 131 has sensitivity to the vicinity of the
wavelength of light emitted from the SLO light source, and
1s arranged at a position close to the position at which the
scan-correcting chart 1s arranged in the first embodiment.
FIG. 7A 1s an 1illustration of the photodetector 131 and a
related structure observed from an angle that 1s the same as
that 1n FIG. 4A referred to 1n the first embodiment. The
photodetector 131 1s arranged outside the optical path that 1s
formed while the light beam projecting unit projects the light
beam onto the eye to be inspected.

Further, the photodetector 131 1s arranged at a position
away Ifrom the center of the scanned area of measuring light
scanned by the resonant scanner 103, i a direction of
driving the resonant scanner, that is, of the X axis. FIG. 7B
1s an 1llustration of the arrangement of the photodetector 131
observed from an angle different from that in FIG. 7A. The
reason that the photodetector 131 1s not arranged at the
center of the scanned area on the X axis 1s described below.

When the resonant scanner scans a sensor surface of the
photodetector 131, the photodetector 131 detects light from
the SLO light source, and outputs an analog signal. The
analog signal 1s binarized by a comparator at a certain
threshold value, and 1s 1nput to the control portion 925 as a
pulse-shaped digital signal. A time at the center of the pulse
at this time 1s defined as a detected time. The detected time
may be defined otherwise. For example, for the purpose of
suppressing influence of noise on the analog signal, a
threshold value for a rnising edge and a threshold value for a
falling edge of the pulse signal may be separately prepared.
Further, the barycenter of the analog signal may be deter-
mined to be used as the detected time. Alternatively, a
special computational expression 1n accordance with the
output characteristics of the photodetector and the drive
characteristics of the resonant scanner may be used to define
the detected time.

(Description of Correction of Scanning)

In correction of the scanning according to this embodi-
ment, Expression (1) 1n the first embodiment 1s used 1n a
different way from that in the first embodiment to assume the
operation of the resonant scanner. The assuming method 1s
described with reference to FIG. 8A and FIG. 8B.

FIG. 8A 1s an illustration of the timing of driving the
resonant scanner and detecting by the photodetector accord-
ing to this embodiment. When the resonant scanner recip-
rocates once, the photodetector 131 detects light from the
SLO light source once 1n the forward path and once in the
return path. A detected time in the forward path 1s repre-
sented by t1, a detected time 1n the return path 1s represented
by 12, and an angle of the resonant scanner in scanning the
photodetector 1s represented by x1. The angle x1 1s a
constant determined when the apparatus 1s adjusted.

Through solving two equations 1n which (t1, x1) and (12,
x1), respectively, are substituted for (t, X) 1n Expression (1),
A and o 1n Expression (1) can be determined. Specifically,
the following can be acquired.

(5)

w(l] +12)

(6)
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After that, stmilarly to the first embodiment, coordinates
X1, X2, X3, . .. at which signals are to be acquired are
determined using Expression (4). Through substituting the

coordinates 1n Expression (1), the times 11,12, ..., and Tn
at which the signals are to be acquired can be acquired.

FIG. 8B 1s an 1illustration of a case in which, differently
from this embodiment, the photodetector 1s arranged at the
center of the scanned area on the X axis. In this case, the
amplitude of the resonant scanner, that 1s, A in Expression
(1) cannot be determined, which 1s described below. As can
be seen from FIG. 8B, when x1 1s at the center, that 1s, when
x1 1s 0, time from the detected time t1 to the detected time
t2 1s exactly one half of a period T, that 1s, T/2 (=v/w). IT
t2—t1=r/w and x1=0 are substituted 1n Expression (6), then
A=-0/0, and thus, A cannot be determined. Therefore, the
photodetector 131 1s required to be arranged at a position
away Irom the center of the X axis. Meanwhile, at a position
away 1from the center, change in speed of the resonant
scanner 1s large, and thus, the detection accuracy, that 1s, the
accuracy of the detected time at the center of the pulse may
be reduced. Further, depending on the position, the extent of
the oscillation of the resonant scanner may be too small to
scan the photodetector 131. Therefore, it 1s desired that the
photodetector 131 be arranged at a position close to a
position at which the extent of the oscillation of the resonant
scanner 1s approximately a half of the maximum extent. It 1s
preferable that the photodetector 131 of the light receiving
unit 1s arranged at a position away from a scanning center of
the area scanned by the resonant scanner 103 with measur-
ing light, by a predetermined distance.

Further, according to this embodiment, the period of the
resonant scanner 1s calculated from synchronizing signals of
the resonant scanner, but other methods may be used. For
example, the period of the resonant scanner may be calcu-
lated based on detected times by a sensor. At that time,
taking into consideration the possibility that the resonant
scanner may be driven to reciprocate at different speeds
between the forward path and the return path, periods
determined at different times may be separately used for the
forward path and the return path.

Third Embodiment of the Present Invention

In a third embodiment of the present invention, for the
purpose ol further improving the accuracy of the correction
of the scanning, two photodetectors are arranged. According
to this embodiment, even when the optical axis of the
resonant scanner 1s shifted due to environmental change or
the like, the scanning can be corrected taking the shiit into
consideration.

(Structure of Apparatus)

FIG. 9A and FIG. 9B are 1illustrations of arrangement of
the photodetectors according to this embodiment. The struc-
ture of the apparatus according to this embodiment 1s similar
to that 1n the second embodiment except that two photode-
tectors are arranged.

FIG. 9A 1s an 1llustration of the photodetectors observed
from an angle that 1s the same as those 1n FIG. 4A and FIG.
7A. The photodetector 131 1s the same as the photodetector
in the second embodiment, and 1s arranged at the same
location as that in the second embodiment. A photodetector
132 1s a photodetector having the same structure as the
photodetector 131. In FIG. 9A, the photodetector 132 1s
arranged at a position overlapping the photodetector 131. As
can be seen from FIG. 9B 1n which the photodetectors are
observed from a different angle, the photodetector 132 1is
arranged at a position substantially symmetrical to the
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photodetector 131 with respect to the Y axis, that 1s, at a
position at which the angle of the photodetector 132 1s
substantially the opposite to that of the photodetector 131.

(Description of Correction of Scanning)

Correction of the scanning according to this embodiment
1s described with reference to FIG. 10. In this embodiment,
instead of Expression (1) in the first embodiment and the
second embodiment, the following expression 1s used.

(7)

In Expression (7), a constant term B 1s added to Expres-
sion (1). The constant term B 1s the amount of shift of the
optical axis of the resonant scanner from the optical axis of
the apparatus. When the resonant scanner reciprocates once,
detected times by the photodetector 131 arranged at the
position x1 are represented by t1 and 2. Detected times by
the photodetector 132 arranged at the position x1' are
represented by t1' and 12'. The values of x1 and x1' are
constants determined when the apparatus 1s adjusted.

Through solving four equations 1n which (t1, x1), (12, x1),
(t1', x1"), and (12', x1"), respectively, are substituted 1n
Expression (7), A, B, and a in Expression (7) can be
determined as below:

x=A cos(w+a)+b

(8)

@="—Q

(9)

x| — X]

A=
COS’ — COSsy

(10)

xjcosg’ — xjcosp

B =
COSy’ — COSY
where
4 wih+n)  wn-n) |, olty-1) (11)
S R )

1s satisfied.

After that, similarly to the first and second embodiments,
coordinates X1, X2, X3, . . . at which the signals are to be
acquired are determined using Expression (4). Through
substituting the coordinates 1n Expression (7), the times T1,
12, ..., and Tn at which the signals are to be acquired can
be acquired.

Here, attention 1s focused on Expression (10). When the
difference between ¢ and @' and the difference between x1
and x1' are small, both the denominator and the numerator
on the right side of Expression (10) are small values, and
thus, the accuracy of calculating B 1s lowered. Thus, 1t 1s
desired that ¢ and @' be different to some extent and x1 and
x1' be different to some extent. This means that the two
photodetectors are desirably placed away from each other.
Theretfore, according to this embodiment, the photodetector
131 and the photodetector 132 are arranged at positions
substantially symmetrical to each other with respectto the Y
axis. However, other arrangements are also possible insofar
as A, o, and B 1 Expression (7) can be determined with
suflicient accuracy.

Further, the positions of the photodetectors 1n FIG. 9A
may be diflerent from those 1n this embodiment. For
example, the positions may overlap the optical axis 1llus-
trated 1 FIG. 9A. Even when the angles formed by the
photodetectors and the optical axis are small 1n FIG. 9A,
insofar as the photodetectors are away from the optical axis
in FIG. 9B, the image can be picked up without impairing
the scanning of the eye to be mspected.

Further, 1t 1s not necessary that the two photodetectors
overlap each other 1n X7 plane as illustrated 1in FIG. 9A.
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When the angles of the two photodetectors are diflerent from
cach other, through directing the galvano scanner to the

respective angles in succession, all of the information shown
in FIG. 10 can be acquired.

Further, three or more photodetectors may be arranged.
Expression (1) and Expression (7) are on the precondition
that the drive of the resonant scanner 1s represented by a
trigonometric function, but a term that corrects the departure
of the actual drive from the trigonometric function may be
added. Further, a special function that suits the actual drive
of the resonant scanner may be used.

Other Embodiments

Embodiment(s) ol the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific mtegrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

Further, while the present imnvention has been described
with reference to exemplary embodiments, 1t 1s to be under-
stood that the invention 1s not limited to the disclosed
exemplary embodiments. The scope of the following claims
1s to be accorded the broadest interpretation so as to encoms-
pass all such modifications and equivalent structures and
functions.

For example, the position information generating umnit
according to the present mvention 1s not limited to the
scan-correcting chart or the photodetector. For example, a
mirror may be used, or a line sensor or an area sensor may
be used.

Further, the scanning unit configured to acquire the posi-
tion using the position information generating unit 1s not
limited to the resonant scanner, and a galvano scanner, a
polygon scanner, or other scanning units may be used.

For example, 1n the above-mentioned embodiments, the
case where an object to be ispected 1s an eye has been
described, but the present mnvention can also be applied to
objects to be measured other than an eye, such as skin and
an organ. In this case, the present invention has an embodi-
ment mode as medical 1image pickup equipment other than
an ophthalmic 1mage pickup apparatus, e.g., an endoscope.
Thus, 1t 1s desired that the present invention be understood
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as an 1mage pickup apparatus exemplified by an ophthalmic
image pickup apparatus and the eye to be inspected be
understood as an embodiment mode of an object to be
inspected.

This application claims the benefit of Japanese Patent

Application No. 2015-150573, filed Jul. 30, 2015, and
Japanese Patent Application No. 2016-142945, filed Jul. 21,
2016, which are hereby incorporated by reference herein 1n
their entirety.

What 1s claimed 1s:

1. An ophthalmic apparatus, comprising:

a scanning unit configured to scan a scanning area with
measuring light emitted from a light source;

a detecting unit that 1s arranged at a position within the
scanning area and outside of a measuring area of an eye
to be mspected, wherein the measuring area 1s included
within the scanning area and 1s an area acquiring 1image
information of the eye to be mspected by scanning with
the measuring light by the scanning unit;

a light receiving unit configured to receive return light of
the measuring light from the eye to be mspected when
the scanning unit 1s scanning the measuring area with
the measuring light;

an acquiring unit configured to acquire information i1ndi-
cating a scan time of the scanning unit based on output
from the detecting unit when the detecting unit detects
the measuring light scanned by the scanning unit;

a correcting unit configured to correct sampling timing of
sampling an output signal from the light receiving unit
based on the information indicating the scan time; and

a sampling unit configured to sample the output signal as
the 1mage information based on the corrected sampling
timing.

2. The ophthalmic apparatus according to claim 1,
wherein the scanning unit 1s configured to scan a sensor
surface of the detecting unit a plurality of times through
reciprocating scanning with the measuring light, and

wherein the acquiring unit 1s configured to acquire the
information indicating the scan time based on a plu-
rality of outputs of the detecting unit corresponding to
the plurality of times of the scanning.

3. The ophthalmic apparatus according to claim 2,
wherein the scanning unit 1s configured to scan the measur-
ing arca of the eye to be mspected with the measuring light
and to scan the sensor surface of the detecting unit with the
measuring light 1n succession.

4. The ophthalmic apparatus according to claim 3,
wherein the scanning unit 1s configured to scan the sensor
surface of the detecting unit with the measuring light after
scanning the measuring area of the eye to be inspected with
the measuring light.

5. The ophthalmic apparatus according to claim 1,
wherein the detecting unit 1s arranged at a position away
from a center of the scanning area scanned by the scanning
unmt by a predetermined distance.

6. The ophthalmic apparatus according to claim 1,
wherein the detecting unit comprises a plurality of detecting
elements, and

wherein the acquiring unit 1s configured to acquire the
information indicating the scan time based on output of
the plurality of detecting elements.

7. The ophthalmic apparatus according to claim 1, further

comprising an objective lens,

wherein the detecting unit 1s arranged between the objec-
tive lens and the scanning unit.
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8. The ophthalmic apparatus according to claim 1,
wherein the scanning unit comprises a resonant scanner, and

wherein the detecting unit comprises a photodiode.

9. The ophthalmic apparatus according to claim 1,
wherein the scanning unit is configured to perform scanning
with the measuring light through reciprocation.

10. An ophthalmic apparatus, comprising:

a scanning unit configured to scan a scanning area with

measuring light emitted from a light source;

a member that has a pattern thereon, and that 1s arranged
at a position within the scanning area scanned by the
scanning unit with the measuring light and outside of a
measuring area of an eye to be mspected, wherein the
measuring area 1s included within the scanning area and
1s an area acquiring image mformation of the eye to be
ispected by scanning with the measuring light by the
scanning unit;

a light receiving unit configured to receive (a) return light
of the measuring light from the eye to be mspected and
(b) return light of the measuring light from the member;

an acquiring umt configured to acquire iformation ndi-
cating a scan time of the scanming unit based on return
light from the member irradiated with the measuring
light when the scanning unit 1s scanning the member
with the measuring light;

a correcting unit configured to correct sampling timing of
sampling an output signal from the light receiving unit
based on the information indicating the scan time; and

a sampling umt configured to sample the output signal
from the light receiving unit as the image mnformation

based on the corrected sampling timing.
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11. A correcting method comprising:

an acquiring step of acquiring information indicating a
scan time of a scanning unit based on output from a
detecting unit that i1s arranged at a position within a
scanning area scanned by the scanning unit with mea-
suring light and outside of a measuring area of an eye
to be mspected, wherein the measuring area 1s included
within the scanning area and 1s an area acquiring 1image
information of the eye to be mspected by scanning with
the measuring light by the scanning unit;

a correcting step of correcting sampling timing of an
output signal based on the information indicating the
scan time;

a light rece1ving step of receiving, when the scanning unit
1s scanning the measuring area of the eye to be
inspected with the measuring light, return light of the
measuring light from the eye to be inspected by using
a light receiving unit, and outputting the output signal;
and

a sampling step of sampling the output signal as the image
information based on the corrected sampling timing,

wherein the acquiring step, the correcting step, the light
receiving step, and the sampling step are repeatedly
performed.

12. A non-transitory tangible medium configured to store

a program for causing a computer to execute the correcting
method of claim 11.

W.
which are drawn 1n parallel on the member.

13. The ophthalmic apparatus according to claim 10,
nerein the pattern includes a plurality of parallel lines

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

